To examine the different emotions expressed by children exfoliating their first primary tooth, evaluate their proportional distribution, and reveal possible influences of child-and parent-related variables on the reported emotions. Design: A cross-sectional questionnaire was directed to parents of children who had recently shed at least one primary tooth. Primary outcome variables were the child's emotions at the time of exfoliation. Child-related determinants were sex, duration of tooth wiggle, previous accident-or caries-related visits at dentist, and having witnessed tooth exfoliation in older siblings. Parent-related determinants included socio-economic variables (education, religion, country of origin). and OR = 1.85, respectively) were also related to positive emotions. Conclusions: For most children, losing the first primary tooth is associated with positive emotions. Dental visits and parental factors influence these emotions. Parents and dentists should be aware of their impact on children's emotional development.
| INTRODUCTION
As partial diphyodonts, humans develop during the first postnatal years a dentition of 20 primary teeth ("milk teeth," "baby teeth"), which is subsequently completely replaced by a permanent dentition of 32 teeth. The central lower incisors are usually the first milk teeth to exfoliate at around 5.6-7.0 years of age, followed by a toothless interval of about a month before the successor teeth emerge. 1 The physiologic process of losing a primary tooth is gradual. The observed intensification of tooth mobility, a manifestation of the progression of root resorption, 2 and the abrupt shedding of the primary tooth followed by the short toothless intermission are probably the first biologic changes of their own body children consciously experience. Growth and development, usually perceived by children as continuous and as solely quantitative phenomena, suddenly manifest themselves as non-linear changes and as rapid physical transformation. The implication of the shedding of primary teethparticularly the awareness of losing a part of the body-on a psychological level has, however, not received enough scholarly attention. Tied with cognitive development and use of fantasy during the magical age, the emotions surrounding the loss of the first primary tooth are unquestionably of great interest. 3 Emotions are a set of physiological and cognitive responses to experiences and thoughts. Although no succinct definition exists, emotions consensually consist of a neural circuit, a physiological response and a process that motivates and organizes cognition and action. 4 Basic emotions such as anger, disgust, fear, happiness, sadness, and surprise are assumed to be universal and are reported in all human cultures. They are evident very early on in life, suggesting an innate component. Over the first years of life, the emotional repertoire is enriched by more complex emotions based on self-consciousness 5 such as embarrassment, empathy, guilt, jealousy, pride, and shame, all of which are closely related to the development of an explicit sense of self. With increasing verbal and locomotor skills, as well as further development of self-regulatory skills, children learn to regulate their behaviour and emotions. Although still limited in toddlers, these skills improve considerably towards early school years 6 and continue to further mature, in conjunction with the development of the frontal lobes, until young adulthood. 7 As such, by the time children lose their first primary tooth, they are equipped with a complex set of emotions together with basic skills to self-regulate these emotions. Although a substantial amount of evidence has been collected regarding the development of emotions in childhood, to date, no reports are available on the emotions displayed by children when they lose their first milk tooth and on factors influencing these emotions.
The aim of this study was therefore to discern the different emotions expressed by children at the loss of the first primary tooth, evaluate their proportional distribution, and reveal possible influences of several child-and parentrelated variables on the reported emotions.
| METHODS
This cross-sectional survey is based on a questionnaire that was directed to parents of children who had recently lost at least one primary tooth. Kindergarten children and first graders who attended their annual dental check-up at one of the six "Public School Dental Services" in the city of Zurich (Switzerland) were handed over a self-developed paper-pencil questionnaire for their parents. As part of the governmental healthcare management, all school children must undergo compulsory yearly dental examinations which are provided at no cost. Although parents may request to have their child examined by a private dentist, most children (81%) attend the "Public School Dental Services" for these examinations. 8 In this study, children were provided with an envelope for their parents after completing the dental examination. The envelope contained an info leaflet and a two-page questionnaire. A pre-stamped, selfaddressed envelope was enclosed together with a raffle ticket offering the chance to win one of five family tickets to a local amusement park. Parents were asked to send back the completed questionnaire within two weeks. Data collection was carried out between August 2016 and January 2017. A total of 3617 questionnaires were distributed during the study period, and 1274 were returned and analysed (35.2%). The returned questionnaires were completed either by the mother alone (65.5%), both parents (22.8%), the father alone (6.2%), or by another person such as a foster parent (5.5%). Because the survey was anonymous, no information about non-responders was available and therefore no response control was possible.
| Ethics
A waiver was issued by the governmental ethics committee (no. 62-2015) prior to the execution of the study attesting the planned survey to be in conformity with ethical guidelines and federal law.
| Outcomes
Primary outcome variables were the child's various emotions at the time of the first loss of a primary tooth (categorical item: being scared; fear or anxiety; being ashamed; no specific positive or negative emotion; joy; pride). The exact measurement of expressed emotions is a comprehensive enterprise requiring sophisticated measurement techniques such as the facial action coding system. 9 And since it is often difficult to differentiate between various emotions, in particular between negative emotions, it was decided to group the different emotions in negative Why this paper is important to paediatric dentists
• This paper contributes to the understanding of the complexity of infantile emotions displayed during tooth exfoliation and the parental and dentists' responsibility to recognize potential influences on the child's emotional development.
• For most children, losing the first primary tooth represents a joyful event, yet parents and dentists should be cognizant of the fact that for a minority, physiologic tooth loss is predominantly associated with negative emotions which seem-in contrast to positive emotions-less modifiable.
• Previous visits at the dentist affect the child's emotions.
emotions (being scared; fear or anxiety) and positive emotions (joy; pride) for subsequent determinant analyses.
| Determinants
In order to analyse determinants of negative and positive emotions after tooth loss, the following additional variables were assessed. Child-related variables: Sex was collected as single question. In addition, parents were asked about the duration of noticeable tooth wiggle (dichotomized: up to one week vs more than a week), previous accident-related visits at dentist (no/yes), previous caries-related visits at dentist (no/ yes), and whether the child had witnessed tooth exfoliation in older siblings (no/yes).
Parent-related variables: The education of mothers and fathers was assessed separately, based on 5 different levels according to the Swiss education system. 10 Country of ori- 
| Statistical methods
Data analysis was performed with SPSS Statistical Software Package (version 24). All analyses were conducted with two-sided tests, and a P < 0.05 was considered significant. Variables were descriptively reviewed, and as previously mentioned, grouped for further analyses. Bivariate associations were evaluated with Pearson's correlations. Chi-square four multivariate logistic regression models were computed to examine influencing factors and odds ratios (with 95% confidence intervals). The first two models calculated the odds of positive and negative emotions being influenced by child-related factors, each one separately. Predictors for the first two models were sex, time of noticeable tooth wiggle, previous accidentrelated visit at dentist, previous caries-related visit at dentist, and witnessing tooth exfoliation in older siblings. The latter two models determined the odds of positive and negative emotions being influenced by parent-related factors, again each one separately. Predictors for these models included the dichotomized variables for education level, country of origin, and religion. Individual cases with incomplete data for any of these variables were disregarded for analyses.
3 | RESULTS
| Distribution of reported emotions
The proportions of the different emotions are shown in Figure 1 . Almost two-third of the parents reported that their child experienced joy or pride after losing the first tooth. Only 8% described neither positive nor negative emotions. Regarding negative emotions, fear or anxiety ranked highest, followed by being scared and being ashamed. When grouping the emotions into categories of positive and negative, 82.0% (1004 of 1224) reported positive (joy; pride) and 22.0% (268 of 1218) negative emotions (fear/ anxiety; being scared). Descriptives of child-related variables are presented in Table 1 . Table 2 displays sociodemographic features of the parents.
| Child-related determinants of positive and negative emotions
As shown in Table 3a , a previous caries-related visit at the dentist decreased the likelihood of positive emotions when losing the first milk tooth. Conversely, a previous accidentrelated visit at the dentist increased the odds of positive emotions, as did an extended period of time of noticeable tooth wiggle. Sex or having witnessed tooth exfoliation of older siblings had no effect on emotions. Finally, none of the assessed variables significantly affected negative emotions (Table 3b ). (Table 4a ). The odds for positive emotions significantly increased with higher education of mothers and fathers and in families where parents originated from non-Western countries. Moreover, positive emotions were decreased if the father's religion was Islam. Negative emotions were only associated with paternal education showing that a higher-educated father decreased the odds for the child to display negative emotions (Table 4b ).
| DISCUSSION
Public health research has resulted in the emergence of studies emphasizing the interaction between biological and sociocultural factors. 11 Although main attention is given on primary outcomes related to illnesses or pathologies, little is known about psychological outcomes. The present exploratory study aimed therefore to identify and describe the emotions children experience during the loss of their 24 | first primary tooth and intended to discern which sociodemographic factors influence these emotions. It became evident that the shedding of a milk tooth is predominantly associated with positive emotions such as pride and joy.
Only around one in five children reportedly experienced negative emotions such as fear or being scared. In general, negative emotions were rather static with respect to child-or context-related influencing factors. The only effect identified was the significant association of paternal education with the children's negative emotions: higher father's education was related to less negative emotions. In contrast, positive emotions were more susceptible to child-or context-related influences. One prominent factor was the duration of the noticeable tooth wiggle. Longer periods of tooth wiggle were associated with more positive emotions at the time of exfoliation. Moreover, previous visits at the dentist had a differential effect relative to the reason of the visit. In case of earlier caries-related visits at the dentist, the likelihood of positive emotions decreased. In contrast, preceding accident-related visits increased the likelihood of positive emotions. These findings all indicate that children consciously process past tooth-related experiences and that their emotions are clearly influenced by previous opportunities and challenges. Although this study adopts a purely descriptive design, some interpretations of the observed associations might be considered, even if they remain highly speculative.
First, positive emotions are decreased due to previous caries-related visits possibly because these past toothrelated experiences might be associated with blame (of insufficient care), shame, or feelings of guilt. Earlier accident-related visits, however, represent a potentially beneficial factor and increase the likelihood for positive emotions. In contrast to the previous dental trauma-an unexpected, abrupt, and painful experience which is often accompanied with a sense of loss of control and uncertainty-the gradual process of the anticipated shedding must be perceived as less sudden and painful. The influence of longer tooth wiggle could be interpreted similarly along those lines: the longer the period of anticipation, the greater the relief and pride.
The present data disclose a number of socio-demographic parental variables on children's tooth loss-related is of recent vintage, ancient folk customs and practices feature throwing the lost tooth to a mouse, to the sun, or into a fire. 3 Based on the fact that diverse cultural parental norms evoke different responses in children, 13 it is fair to expect variations in children's emotions depending on the significance the tooth shedding is granted by parental culture. Moreover, cultural differences in parent-child interaction and parenting style exist, 14 which, unrelated to specific cults and customs, may account for dissimilar responses. The present study represents the very first attempt to describe the children's emotions relating to the loss of their first primary tooth. The very nature of this investigation causes obvious limitations. Because the survey was anonymous, the representativeness of the participants cannot be ascertained. Moreover, the children provided no direct report; rather the data represent their parents' (mostly their mothers') observation of displayed emotions and is hence not an objective measure but a subjective estimation. However, the large number of participating parents does to a great extent account for the subjectivity of individual ratings. Nevertheless, future studies should assess children's experience more directly and should also consider that mothers and fathers might differ with regard to their report of child emotions. Finally, the results offer only but a crude insight on the relationship between emotions and past individual experiences or socio-demographic characteristics. They do not, however, present a theoretical framework which could reflect the complexity of causal pathways between the different variables. Future research examining social determinants should therefore acknowledge the presence of complex interlinking causal pathways, rather than investigate direct causal pathways which fail to recognize how social phenomena are related. 15 Moreover, observational and qualitative studies might shed additional light on these pathways. Open to interpretation remains what the concrete implications are for both parents and dentists who face children anticipating their first tooth loss. It is clearly reassuring that for the overwhelming majority of the children the shedding of a milk tooth is associated with pride and joy. These positive emotions are to some extent malleable and subject to contextual factors such as parental education or cultural background. For the clinician, it is of great relevance to recognize that earlier experiences at the dentist may also have a crucial impact on the child's future emotional development. Children rely on their parents' or caregivers' attitude, particularly concerning health behaviours. 16 Especially during caries-related visits, both parents and dentists are therefore well advised to communicate prudently with the child, in order not to hinder any future development of positive emotions.
In the current study, only one child in five demonstrated negative emotions at the loss of the first milk tooth. Regrettably, these negative emotions seem less influenceable than positive emotions. For these children, emphasis should be placed on increasing positive emotions, rather than trying to diminish the negative emotions. Results of logistic regression analyses; CI, confidence interval; *P < 0.05; **P < 0.01.
T A B L E 4 Parental variables: Summary of logistic regression analyses predicting positive emotions (n = 993) and negative emotions (n = 989) 
